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(57) Abstract 

An dectrosttij^al 
generator (11) contn^ 
responds to tissue 
impedance between active 
and letum electrodes (12 
and 13) during desiccation. 
Active and leturo generator 
leads supply energy (25) 
and a user contiOl (16) sets 
die level of energy (25) 
desired fior electEOsmgecy. 
Voltage and cunent sensing 
circuits (19) respond to high 
frequency energy (25) in 
the leads to signal voltage 
and cunent in the leads. A 
multiplier (21) receives the 
signals to calculate porwet. 
A dodc (23) sets units of 
time during which power 
calculation. An integrator 

(24) calculates the energy 

(25) supplied through £e 
leads per time unit Ibe 
user control (16) sets a 
reference signal {7€) for the 

energy (25) level desired. A correlation circuit (27) receives the energy (30) calculations from die integrator (24) and the refeienoe signal 

(26) and provides a feedbadc signal (28) to indicate when the energy (25) calculation equals the user control (16) setting for altering the 
generator supply of energy (25) to die leads. A counter (38) assesses the number of padcets of energy (40) delivered against a setting of 
the user control (IQ and Che total energy (25) delivered is a function of multi^e packet sequences containing pulses wheron the time 
between die pulses is controlled by die user control (16^ The mediod uses die automadc cootnA (10) in measuring impedance during 
dssue desiccation and alteriiig the output of an ekctrosurglcal generator (1 1). 
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AirrOMATTC CONTROL FOR EUXnUOSURGICAL GENE RATOR ENERGY 

1. Field of the Invention 

10 An automatic control for an electrosurgical generator measures energy 

delivered and» in particular, permits the operation of the electrosurgical generator during 
dectrosurgical tissue desiccation. Surgeons find that manual operation by hand or foot 
acthrated switchmg can cause excessive surgical enogy ddiveiy resulting in over diying the 
tissue at the surgical site. 

15 Surgeons have tried to deal with energy application hy adjusting the basic power 

level of the electrosurgical generator and using the hand or foot switch to control the 
power applied over tim& Unfortunate, that techn^ue oRen leads to unintended power 
delivery or undesired duration of power delivery to the surgical site. Surgeons also 
experience difficulty in repeatably and/or consistent^ desiccating tissue to the desired levels 

20 due to the limits of their human reaction time or machine response time when manual or 
foot activated switches are used for manual control In addition, during endoscopic 
procedures, surgeons lose some visual and tactile indications of desiccation progression. 

2. Background of the Disclosure 

As a result of manual operation problems, several attempts to provide 
25 automatic generator operation when surgical forceps contact patient tissue have been 

patented. U.S. patent 2,827,056^ Omaan patent 1,099,658, German patent 28 23 291 

describe drcuits wMch place a direct current potratial aooss the surgical Corceps. 

Placement of the forceps mcoss patient tissue causes a small DC current to flow 

therethrough. Direct current flow causes activation of a relay circuit enabling the higher 
30 pow^ radio frequency enexgy to flow into the patient's tBsue for surgical efi^^ Selecting 

fixed resistance values, within the circuits, detennine the tissue impedance level below 

which radio frequency energy activation occurs. 

German Patent DE 25 40 968 describes a drcuit which uses a low-frequen^ 

measurement current to determine relative patient tissue impedance; low Erequen^ current 
35 flow within a specified amplitude range turns on generator high frequency power for 

surgical effect That circuit also includes a time delay relay for controlling time between 
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application of forceps to patient tissue and sid)sequent generator operation. 

Subsequent patmts addressed the need for automatic turn off capability during 
bipolar desiccation procedures. German patent DE 31 20 102 Al describes a drcuit ^ch 
monitors the diffnential quotient (time derivative) of patient tissue impedance to determine 

5 v^n to turn off radio firequen^ power deliveiy; a point of zero time derivative is sdected 
to turn off power deliveiy. German patent DE 29 46 728 Al describes a circuit which turns 
radio fiequency pow^ off after an adjustable, but fixed time delay. German patent DE 35 
10586 describes a circuit which uses a low-frequency control current or low level generator 
radio frequency current source and a current level monitor to turn on generator radio 

10 frequency power for surgical effect The circuit also monitors the generator output voltage 
for third harmonic content generated when desiccation completes and sparking begins to 
cause harmonic frequency generaticm to turn off generator radio frequenqr power. It is a 
device which measures current flowing through the tissue and forms a digitized signal oi 
current level Hie signal and the manual activation are combined to operate the device. 

15 

U.S. patent 4,860,745 discusses the problems encountered whm turning off radio 
frequency power based iqpon measuronmts of the time derivative of patient tissue 
impedance and, instead, presents a dicuit which turns off generator radio frequency power 
based upon fixed fractional changes in the amount of radio frequenqr current delivered to 

20 the patient tissue during desiccation or based upon generator sparking and harmonic 
frequency generation. A peak detector circuit examines the peak current at the forcq» and 
a second circuit which monitors the decreasing current during coagulation. Me^ured 
current levels are converted to voltages withm the circuits. The voltages, thus measured, 
control the electrosurgical generator which is turned off when a fraction of the peak current 

25 is greater than the current measured which flows through the tissue during coagulation. If 
the current flowing through the tissue is greater than the fraction, then the output of tiie 
electrosurgical generator is continued until it is less. 

German patent 2,455,174 is directed to a switdi and relay so when the doctor 
operates the $mtcfa,v^h is nornmlly closed; it enabtesESU contra Opming the switch 

30 activates a relay whidi operates the electrosurgical generator when the impedance value 
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between the forceps is within a predetennined range. These claims are avoided since we 
have no switch and relay. Also required is a manually activated switch to operate the relay. 
The switch is on the handle of the forceps. 

U.S. Patent 4,658,819 discloses a dicuit wherein the power delivered to the 

5 electrode is a fonction of the voltage bom a DC supply and the load as measured 
sensors of load voltage and currrat A microprocessor controller digitizes the sensing 
signals and computes the load impedance and actual power being deUvered. The 
microprocessor controller accordingly repeats the measurement, calctdation and correction 
process approximately as long as the generator is operating. U.S. Patent 4372315 discloses 

10 a circuit which measures impedances after delivering a set number of radio frequency pulses 
on a pulse burst by pulse burst basis. U.S. Patent 4321,926 has a feedback system to 
control dosage but the impedance sensing is not on a real time bask U.S. Patents 
3,964,487, 3,980,085, 4,188,927, and 4,092,986 have cinniitxy to reduce the output current 
m accordance with increasing load impedance. In those patents voltage output is 

15 maintained constant while the current is decreased with increasing load impedance. U.S. 
Patent 4,094320 has a circuit that respcmds to impedance changes as measured by sensing 
current in the active and return leads. The sensed currents are subtracted &om one 
another and if that exceeds a variable threshold the generator is turned oS. The variable 
threshold is a function of power level and leakage current through stray capadtance. 

20 No circuitiy has been known to automatical^ control the energy applied by 

comparing a basic user setting of power level desired to the actual power delivered over 
time; No automatic control is responsive to actual and desired energy deliveiy which are 
a function of tissue impedance. It is desired to provide consistent desiccation levels. 

SUMMARY OF THE INVENTION 

25 An automatic control for an electrosurgical generator responds to the level of tissue 

impedance between active and return electrodes of the electrosurgical generator during 
tissue desiccation. An electrosurgical generator preferably has an active lead and a return 
lead to supply high frequency electrosurgical energy, the electrosurgical generator may 
include a user control for setting the level of energy desired for electrosurgery. A voltage 

30 sensing circuit may respond to frequenqr dectrosuigical energy supplfed by the 
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electrosurgical generator and flowing through the leads. The voltagp sensing drcuit is 
pieferably capable of providing a signal of voltage level between the active and return leads. 
A current sensmg circuit may responds to high frequency electrosurgical raeigy supplied 
by the electrosurgical genmtor and fiowuig through the return lead, ibe current sensing 

5 diGuit capable of providing a signal of currait leveL A multiplier receives the signals from 
the voltage and current sensing, circuits and multiplies those signals together for preferabty 
calculating the power flowing through the leads of the electrosurgical generator. 

A clodc may establish units of time during which power flow calculated by the 
multiplier is considered. An integrator most preferably calculates the energy supplied 

10 dirough the leads per each unit of time established by the clodc based on the instantaneous 
power calculations of the multiplier. A user control may set a reference signal indicative 
of the energy level desired by the user. A correlation drcuit preferably receives the eneigy 
calculations from tiie integrator and a refmnce signal in accord with the setting of the user 
control Ihe correlation circuit provides a feedback signal to indicate when tiie en^ 

IS calculaticm equak the user control setting for altering the dectrosufgical genmtor supply 
of high frequent dectrosurgical energy to the active and return leads. 

The correlation drcmt is preferably a comparator to receive the energy calculations 
from the mtegrator and a reference signal in accord with the setting of the user control 
The comparator provides a feedback signal to indicate when the energy calculation equals 

20 the user control setting for preferably terminating the dectrosurgical generator supply of 
high frequency electrosurgical energy to the active and return leads. The correlation circuit 
may alternatively be a differential amplifier to receive the energy cateulations from the 
integrator and a reference signal in accc^d with the setting of the user control The 
differential amplifier provides a feedbadc quantity as a measure of Uie difference between 

25 die energy calculations and die user control setting for matching die electrosurgical 
generator supply of high frequoicy electrosurgical energy to the active and return leads. 

The clock preferably sets units of time whidi are about a millisecond thus providing 
feedbadc in real time to the electiosurgted generator for regulatmg the electrosurgical 
generator supply of high fiequoicy dectrosurgical enogy to the active and return leads. 

30 The integrator may calculate the energy applied ov^ a unit of time or the area under the 
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power curve of the electrosuigical graerator for each unit of time during the operation of 
the electrosurgical generator during desiccation of tissue between the electrodes. A bipolar 
electrode is in one form of the control connected to the active and return leads. 
Monopolar electro^ are connected to the active and return leads in another iteratk>a 
5 The electrosurgical generator output is preferably terminated by altering the drive 

drcuit thereof so the supply of high frequency electrosurgical energy to the active and 
return leads is automatically adjusted The user control may have two added adjusters one 
for the number of padcets of energy and the other for a preset level of energy del^ered 
per packet 

10 A counter may be in the electrosurgical generator to assess the number of packets of 
energy delivered against setting of the adjuster of the number of packets as established by 
the user control with a second comparator. The other adjuster for energy level per packet 
is preferabty a potentiometer that provides a direct current voltage as the reference signal 
for eneigy level The counter may be in the electrosurgical g»erator to assess the numbo' 

15 of packets of energy delivered against setting of the adjusts of die number of padcets as 
established by the user control with the second comparator and the total eneigy delivered 
is a function of multiple packet sequences containmg pulses ^liereb the time between the 
pulses is controlled by the user control. 

A method of automatic controlling an electrosurgical generator in response to the 

20 level of tissue impedance between active and return electrodes of the electrosuigical 
generator during tissue desiccation includes using an electrosurgical generator havmg an 
active lead and a return lead to supply high frequency electrosurgical energy. Setting a user 
control on the electrosurgical generator at the level of energy desired for electrosurgery is 
in the method. The method may have providing a signal of voltage level between the active 

25 and return leads with a voltage sensing circuit responshre to high frequency electrosurgical 
energy supplied by the electrosurgical generator and Sowing through the leads. Also 
providing a signal of current level with a current senshig circuit responsive to high 
frequency electrosurgical energy supplied by the electrosurgical generator and flowing 
through the return lead is preferably another step. Then calculating the power flowing 

30 through the leads of the electrosurgical generator with a multiplier reoeivmg the signals 
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&om the voltage and current sensing circuits and to multiply those signals toother is the 
next $tepL The method may lequke establishing units of time with a clock during the time 
^di power flow calculated by the multiplier is considered The step of calculating with 
an integrator the en^ supplied throug^b the leads per each unit of time estabfished by the 

5 dock based on the instantaneous power calculations of the multiplier follows. Then the 
step of setting with a user control a reference signal indicative of the energy level desired 
by the user continues the automatic controL Finaify providing, with a correlatk>n drcuit 
connected to receive the energy calculations £rom the integrator and the reforence signal 
in accord with the setting of the user control, a feedback signal to indicate when the energy 

10 calculation equals the user contrd setting allows for the step of altering the electrosurgical 
generator supply of high frequency electrosurgical energy to the active and return leads in 
accord with the feedback signal 

BRIEF DESCRIPTION OF THE DRAWINGS 
IS Figure 1 is a drcuit diagram in schematic form of the automatic control for energy 

supplied to the patient's tissue by an electrosurgical generator wluch Is responshre to 
impedance chan^ between dectrodes during tissue desiccation with a comparator. 

Figure 2 an alternate drcuit dis^gram in schematic form of the automatic control 
for energy supplied to the patient's tissue by an electrosurgical generator which is 
20 responsive to impedance changes between dectrodes during tissue desiccation with a 
differratiai amplifier. 

DETAILED DESCRIPTION OF THE INVENTION 
An automatic control 10 for an electrosurgical generator 11 responds to the levd 
25 of tissue impedance between artive and return electrodes 12 and 13 of the dectrosurgical 
generator 11 during tissue desiccation. An dectrosurgical generator 11 such as the Force 
40 manufactured and sold by Valleylab, Boulder, Cblorado has an active lead 14 and a 
return lead 15 to supply high frequency dectrosur^cal energy. The electrosurgicd 
generator 11 includes a user control 16 preferably on its front panel accessible to ttie doctor 
30 for setting the level of energy desired for electrosurgeiy. A voltage sensing circuit 17, has 
an isolation transformer which acts as an inductive pidnip with its primary connected 
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between the leads 14 and 15 induces the secondary windings to provide a voltage level 
signal 18 and thus, responds to high firequenqr electrosurgical energy supplied by the 
electiosurgical generator 11 and flowing through the leads 14 and 15« The voltage senang 
circuit 17 is capable of providing the voltage level signal 18» in the form of a direct current 
5 voltage that varies, indicative of instantaneous voltage between the active and return leads 
14 and IS. A current sensing drcuit 19 responds to high frequency dedrosurgical energy 
supplied by the electrosurgical generator 11 and flowing through the return lead 15« The 
preferred current sensing circuit 19, made by Pulse Engineering San Diego, California, 
model PB-51687, is capable of providing a signal of current level 20 instantaneously passing 

10 therethrough and the current level signal 20 is in the form of a direct current voltage that 
varies. The preferred analogue multiplier 21 is supplied by Analog Devices, AD534, 
Norwood, Massachusetts, receives the instantaneous signab 18 and 20 from the voltage and 
current sensing circuits 17 and 19 and multiplies those signals 18 and 20 together tot 
calculating the instantaneous power 22 flowixig through the leads of the electrosurgical 

15 generator 11. 

A dock 23, including a crystal oscillator and a fiequenqr dhdder, establishes units 
of time during which power flow calculated by the multiplier 21 is considered. An 
integrator 24 which is a high speed anq>lifier, from Analog Devices, AD380, Noiwood, 
Massachusetts, calculates the energy 25 supplied through the leads 14 and 15 per each unit 
20 of time established by the dock 23 based on the instantaneous power 22 calculations of the 
multiplier 21. 

The user control 16 may be in the form of a knob, slider or the like and positioned 
on the front panel of the electrosurgical generator 11 (not shown) for use by the doctor to 
set a reference signal 26 indicative of the energy level desired. A correlation circuit 27 
25 preferably receives the energy 2S as calculated from the integrator 24 and the reference 
signal 26 in accord with the setting of the user control 16. The correlation circuit 27 
provides a fisedback signal 28 to indicate when the energy 25 calculation equals the user 
control energy setting 26 for altering the electrosurgical generator 11 supply of high 
frequen^ electrosurgical eneigy to the acthre and return leads 14 and 15. 
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Figure 1 is a dicuit diagram in schematic fbrm of the automatic contzol 10 for 
energy supplied to the patient's tissue by an dectrosurgtcal generator 11 whidi is responsive 
to bnpedance changes between electrodes 12 and 13 during tissue desiccatioa The 
correlation circuit 27 is preferably a conqiarator to recdve the energy 25 calculated bom 
S the int^tor 24 and Ae reference signal 26 in accord with the settmg of the user control 
16. The comparator 27 provides the feedback signal 28 to indicate when the energy 25 
calCTilatffd equals the user control enagy setting 26 for preferably terminating the 
electrosurgical generator supply of high frequracy dectrosurgical energy to the active and 
return leads 14 and 15. 

10 Hgure 2 fe an alternate circuit diagram in schematic form of the automatic control 

10 for energy supplied to the patient's tissue by an electrosur^cal generator 11 M*ich is 
responsive to impedance changes between electrodes 12 and 13 during tissue desiccation 
with a differential amplifier 29. Hie correlation circuit may altemathely have the 
difiEerential amplifier 29 to tecehfe the energy 30 calculated fixim the integratCMr 24 and the 

15 reference signal 31 in accord with the setting of the user ocmtrol 16. The differential 
amplifier 29 provides a feedback quantity 32 as a measure of the difference between the 
energy 30 calculated and the user control 16 energy 31 setting for matchmg the 
electrosurgical g^ierator 11 supply of high frequency efectrosurgical energy to the active 
and return leads 14 and 15» 

20 Hie dodc 23 preferably sets units of time vdiich are about a mOlisecond thus 

providmg the feedback quantity 32 in real time to the electrosurgical generator 11 for 
relating the electrosurgical graerator 11 supply of high fiequenqr electrosurpcal energy 
to the active and return leads 14 and 15. The integrator 24 may be in this alternate 
embodiment a part of a microprocessing unit such as the 80C652 from Signetics, 

25 Sunneyvale, California. The integrator 24 calculates the instantaneous energy 30 applied 
over a unit of time or the area under the power curve (not shown) of the electrosurgical 
generator 11 for each unit of time during the operation of the electrosurgical genarator 11 
as tissue is desiccated between the electrodes 12 and 13. 

Tissue desiccation can be accomplished many ways with electrosurg^ and 

30 monqjolar and bipolar tools are available to treat tissue and produce the desiccating 
electrosurgical effect A bipolar electrode may be connected to the active and return leads 
14 and 15 in one form of the automatic control 10. Monopolar electrodes are connected 
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to the active and return leads 14 and 15 in another iteration, lypically the major 
differences between monopolar and bipolar tools is the common support for the similarly 
sized electrodes used in bipolar such that the electrodes 12 and 13 are juxtaposed in 
position to grasp tissue therebetween. In monopolar conGgurations the dectrodes 12 and 
5 13 are typically separated and thus independent^ supported with a smaller active electrode 
at the surgical site and a larg» return electrode on external tbsue. 

Hie electrosurgicai generator 11 output is preferably terminated by alterii^ the 
drive circuit 33 thereof in Figures 1 and 2 so the supply of high frequency electrosurgicai 
energy to the active and return leads 14 and IS is automatical^ adjusted Figure 1 inchides 

10 a relay 34 to disconnect and reconnect the power from the drive circuit 33. In Figure 2 a 
high voltage control 35 regulates the output 

The user control 16 in one alternative, e.g. Figure 1, may have two added adjusteis 
36 and 37, one for the number of padcets of energy supplied 36 to the acthre and return 
leads 14 and 15 and the other 37 for setting a preset level time between the packets of 

15 energy delivered. A counter 38 such as the 74LS190 from Taos Instruments, Dallas, Texas 
is in Ae electrosuri^cal generator 11 to assess with a second comparator 39, such as 74LS85 
from Texas Instrument, DaDas the number of packets of energy 40 delivered against setting 
of the adjuster of the number of padcets 36. The other adjuster 37 for time between 
energy pactet is in the preferred embodiment of Figure 1, a potentiometer that provides 

20 a direct current voltage as the reference signal 41 for time between packets. The counter 
38 is easily made a part of the electrosurgicai generator 11 so assessment of the number of 
packets of energy 40 delivered against the setting of the adjuster 36 of the number of 
packets desired 42, as established by the adjuster 36, wOl control the total energy delivered 
by the multiple packet sequences which each contain pulses. The time between the pulses 

25 is controlled by the adjuster 37. 

A method of automatic controlling the electrosurgicai generator 11 in response to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 
electrosurgicai generator 11 during tissue desiccation indudes using the electrosurgicai 
generator 11 having active and return leads 14 and 15 that supply high frequency 

30 electrosurgicai energy* Setting the user control 16 on the electrosurgicai generator 11 at 
the level of energy desired, either 31 or 26, for electrosuigery is in the method The 
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method includes providing the signal of voltage level 18 between the active and return leads 
14 and 15 with the voltage sensing circuit 17 responsive to high frequency electrosurgical 
energy suppUed by the electrosurgical generator 11 between the leads 14 and 15. Also 
providing a signal 20 of current levd with the cunent senang circuit 17 responsWe to high 

5 frequency dectrosurgical energy sun>lied by the electrosurgical genmtor 11 and flownig 
through the return lead IS is a further step. Then calculating the power 22 flowing throug|i 
the leads 14 and IS of the electrosurgical generator 11 with the multiplier 21 recehdngthe 
signab 18 and 20 from the voltage and current sensing circuits 17 and 19 and by multiplj^g 
those signals 18 and 20 together is the next step. The method requires establishing units 

10 of time with the clock 73 during which the time for power 22 flowing is calculated by the 
multiplier 21. The step of calculating with the integrator 24 the energy 24 or 30 supplied 
through the leads 14 and 15 per each unit of time established by the clock 23 and based on 
the instantaneous power 22 calculations of the multiplier 21 follows. The step ot setting 
with the user control 16 a reference signal 26 or 31 indicative of the energy level desired 

15 by the user gives a datum to whidi the automatic control is regulated. Finally prodding, 
with the correlatimi circuit 27 or 29 connected to recede the energy calculatiras 25 or 30 
from the faategrator 24 and the reference signal 26 or 31 in accord with tfie setting of the 
user control 16^ the feedback signal 28 or 32 to indicate when the eneigy calculatkm equals 
the user control setting 26 and 31* Ahering the electrosuigical generator 11 suppfy of high 

20 frequency electrosuigical energy to the acthre and return leads 14 and 15 in accord with the 
feedback signal 28 or 32 is the controlling step of the method. 

In Figures 1 and 2 the high voltage control and the drive for the high frequency 
output are altered respectwely. In the latter the drive can be terminated. 
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S What is daimed is: 

1. An automatic control 10 for an dectrosuxgical generator 11 respcmsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 
electrosurgical generator 11 during tissue desiccation comprising: 

an electrosurgical goierator 11 having an active lead 14 and a return lead 
10 15 to supply Ugh frequency electrosurgical energy 25, the electrosurgKal gpnerator 11 
including a user control 16 for setting the kvel of energy 25 desired for electrosurgpi]^ 

a voltage sensing circuit 17 responsive to high frequency electrosurgical 
energy 25 supplied by the electrosurgical generator 11 and flowing through the leads, the 
voltage sensing circuit 17 capable of providing a signal of voltage level betwera the acthre 
15 and return leads 15; 

current sensing circuit 19 responsive to high frequency electrosurgical enorgy 
25 supplied by the electrosurgical generator 11 and flowing through the return lead 15, the 
current snsing circuit 19 capable of providing a signal of current level 20; 

a multiplier 21 to recede the signals from the voltage and current sensing 
20 drcuits 19 and to multq>ly those signals together for calculating the power flowing through 
the leads of the electrosurgical generator 11; 

a clock 23 for establtshbg units of time during whidi power flow calculated 
by the multiplier 21 is considered; 

an integrator 24 to calculate the energy 25 supplied through the leads per 
25 each unit of time established by the dock 23 based on the instantaneous power 22 
calculations of the multiplier 21; 

a user control 16 for setting a reference signal 26 indicative of the eneigy 
25 level desired by the user, and 

a correlation drcuit 27 to receive the energy 30 calculations from the 
30 mtegrator 24 and a reference signal 26 in accord with the setting of the user control 16, the 
correlation circuit 27 to provide a feedback signal 28 to indicate when the energy 25 
calculation equals the user control 16 setdng for altering the electrosurgical generator 11 
supply of high frequency electrosurgical energy 25 to the active and return leads 15. 
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2. The automatic control 10 for an electrosurgical generator 11 responsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 
electrosurpcal generator 11 of Qaim 1 wfaeidn the correlation circuit 27 is a comparator 
to receive the en^gy 30 calculations from the integrator 24 and a reference signal 26 in 

5 accord with the setting of the iser control 16^ the comparator to provide a feedback signal 
28 to indicate when the eneigy 25 calculation equals the user control 16 setting for 
terminating the electrosurgical generator 1 1 supply of high frequencjr electrosurgical eneigy 
25 to the active and letum leads 15. 

3. The automatic control 10 for an electrosurgical generator 11 responsive to 
10 the level of tissue impedance between active and return electrodes 12 and 13 of the 

electrosurgical generator 11 of Qaim 1 wherein the correlation circuit 27 is a differential 
ampliQer 29 to receive the energy 30 calculations from the integrator 24 and a reference 
signal 26 in accord with the setting of the user control 16, the differential amplifier 29 to 
provide a feedback quantity 32 as a measure of the difference between the energy 25 

15 calculations and the user control 16 setting for matching the electrosurgical generator 11 
supply of high frequency electrosurgical eneigy 25 to the acthre and return leads 15- 

4» The automatic control 10 for an electrosur^l generator 11 responsive to 
the level of tissue impedance between acthre and return electrodes 12 and 13 of the 
electrosurgical generator 1 1 of Oafan 1 wherein the clock 23 set miits of time which are 

20 about a millisecond thus providing feedback in real time to the electrosurgical generator 1 1 
for relating the electrosurgical generator 11 supply of high frequency electrosurgical 
energy 25 to the active and return leads 15. 

5. The automatic control 10 for an electrosurgical generator 11 responsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 

25 eiectrosurgical generator 11 of Qaim 1 herein the integrator 24 calculates the energy 25 
applied over a unit of time or the area under the power curve of the electrosurgical 
generator 1 1 for each unit of time during the operation of the electrosurgical generator 11 
during desiccatfon of tissue between the electrodes. 

6. The automatic contrcd 10 for an electrosurgical generator 11 respons^e to 
30 the level of tissue impedance between active and return dectrodes 12 and 13 of the 
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electrosurgical geoerator 11 of Oaim S wherein a bipolar electrode is connected to the 

active and return leads IS. 

7. Ihe automatic control 10 fat an electrosuiglcal generator 11 responshre to 

the level of tissue impedance between active and return electrodes 12 and 13 of the 
5 electiosvrgical generator 11 of Oahn 5 wherein monopolar electrodes are connected to the 

acttee and return leads IS. 

& The automatic control 10 for an electrosurgical ^nerat<^ 11 responsive to 

the level of tissue impedance between active and return electrodes 12 and 13 of the 

electrosurgical generator 11 of Oaim 1 wherein the dectrosurgical generator 11 output is 
10 terminated by altering the drive circuit 33 thereof so the supply of high frequency 

electrosurgical energy 25 to the active and return leads IS is automatically adjusted. 

9. Tbe automatic control 10 for an electrosurgical generator 11 responsive to 

the level of tissue impedance between active and return electrodes 12 and 13 of the 

electrosurgical generator 1 1 of Qaim 1 wherein the user control 16 has two added adjusters 
15 36 and 37 one for the number of packets of energy 40 and the other for a preset level of 

energy 25 delhrered per packet 

la Hie automatic control 10 for an electrosurgical generator 11 responshre to 

the level of tbsue impedance between acthre and return electrodes 12 and 13 of the 

electrosurgical generator 11 of Claim 9 ixlierein a counter 38 in the electrosurgical 
20 generator 11 assesses the number of packets of energy 40 deUvered against setting of the 

adjuster of the number of padcets as established by the user control 16 with a second 

comparator 39. 

11. The automatic control 10 for an electrosurgical generator 11 responsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 

25 electrosiurgical generator 11 of Claim 9 wherein the other adjuster for energy 25 level per 
packet h a potentiometer that provides a direct current voltage as the reference signal 26 
for enerijy 25 level. 

12. The automatic control 10 for an electrosurgical generator 11 responsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 

30 electrosuirgical generator 11 of Claim 10 wherein the counter 38 in the electrosurgical 
generator 11 assesses the number of packets of eneigy 40 deUvered against setting of the 
adjuster of the number of packets as established by the user control 16 with the second 
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comparator 39 and the total energy 25 delivered is a function of multiple packet sequences 
containing pubes wherein the time between the pulses is controlled by the user control 1& 
13. An automatic control 10 for an electrosurgjcal g^erator 11 respcmsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 
5 electrosurgical generator 11 during tissue desiccation conqprising: 

an electrosur^cal g^mtor 11 having an acUve lead 14 and a return lead 
IS to supply high Etequeu^ electrosurgical energy 25, the dectrosurgical generator 11 
including a user control 16 for setting the level of energy 25 desired for electrosurgery; 

a voltage sensing circuit 17 responsive to high frequency electrosurgical 
10 energy 25 supplied by the electrosurgical generator 11 and Sowing through the leads, the 
voltage sensing circuit 17 capable of providing a signal of voltage level between the active 
and return leads 15; 

current sensing circuit 19 responsive to high firequeni^ electrosurgical energy 
25 suppUed by the electrosurgical generatcx- 11 and flowing through the return lead IS, the 
IS current sensing circuit 19 capable of providing a signal of curroit level 20; 

a multiplier 21 to recdve the signals firom the voltage and current sensing 
drcuits 19 and to multiply those signals together for calculating the power flowing through 
the leads of the electrosurgical generator 11; 

a dodc 23 for establisiung units of time during wUch power flow calculated 
20 fay the multiplier 21 is considered, the dock 23 for setting units of time which are about a 
mOlsecond thus proving feedback in real time to the electrosurgical generator 11 for 
regulating the electrosurgical generator 11 supply of high firequency dectrosurgical energy 
25 to the active and return leads 15; 

an integrator 24 to calculate the energy 25 supplied through the leads per 
25 each unit of time established by the clock 23 based on the instantaneous power 22 
calculations of the multiplier 21, the integrator 24 for cateulating the energy 25 applied over 
a unit of time or the area under the power curve of the electrosurgical generator 11 for 
each unit of time during the operation of the electrosurgical generator 11 during desiccatbn 
of tissue between the dectrodes; 
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a user control 16 for setting a reference dgnal 26 indicafive ci the oieigy 
25 level desired by the user, and 

a correlation circuit 27 to receive the energy 30 calculations &om the 
integrator 24 and a reference signal 26 in accord with the setting of the user control 16, the 
5 correlation circuit 27 to provide a feedback signal 28 to mdicate vnhm the energy 25 
calculation equals the user control 16 setting for altering the electrosurgical ^erator 11 
supply of high frequency electrosurgical energy 25 to the active and return leads 15 and 
wherein the correlation circuit 27 is a comparator to receive the energy 30 calculations from 
the integrator 24 and a reference signal 26 in accord with the setting of the user control 16^ 

10 the comparator to provide a feedback signal 28 to indicate when the energy 25 calculation 
equak the user control 16 setting for terminating the electrosurgical generator 11 supply 
of high frequency electrosurgical energy 25 to the active and return leads 15 by altering the 
drive circuit 33 thereof so the supply of high frequency electrosurgical energy 25 to the 
active and return leads IS is automatically adjusted* 

15 14. The automatic ccmtrol 10 for an electrosurgical generator 11 responsive to 

the level of tissue unpedance between active and return electrodes 12 and 13 of the 
electrosurgical generator 11 of Qaim 13 wherein the user control 16 has two added 
adjusters 36 and 37 one bx the number of pactets of energy 40 and the other for a preset 
level of energy 25 ddivosd per packet 

20 IS. The automatic control 10 for an electrosurgical generator 11 responsive to 

the level of tissue inqpedance between active and return electrodes 12 and 13 of the 
electrosurgical generator 11 of CHaim 14 ii^erein a coimter 38 in the electrosurgical 
generator 11 assesses the number of packets of energy 40 delivered against settbg of the 
adjuster of the number of packets as established by the user control 16 with a second 

25 comparator 39. 

16. The automatic control 10 for an electrosurgical generator 11 responsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 
electrosurgical generator 11 of Qaun 14 wherein the other adjuster for energy 25 level per 
packet is a potentiometer that provides a direct current voltage as the reference signal 26 

30 for energy 25 level. 

17. The automatic control 10 for an electrosurgical generator 11 responsive to 
the level of tissue impedance between active and return electrodes 12 and 13 of the 
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electiosurgical generator 11 of Cteim 15 wherein the counter 38 in the dectxosurgica] 
generator 11 assesses the number of packets of energy 40 delivered agmist setting of the 
adjuster of the number of packets as established by the usor control 16 vMx the second 
ccmparator 39 and the total energy 25 deUveied is a function of multiple packet sequences 
5 containing pulses wherein the time between the pulses b controlled by the user contrd 16. 

1& A method of automatic controDrng an electrosurgical generator 11 in 
response to the level of tissue impedance between active and return electrodes 12 and 13 
of the electrosurgical generator 11 during tissue desiccation inchides the steps of: 

using an electrosur^cal generator 11 having an active lead 14 and a return 
10 lead 15 to supply high firequenqr electrosurgical energy 25; 

setting a user control 16 on the electrosurgical generator 11 at the level of energy 
25 desired for electrosurgery; 

providing a signal of voltage level between the active and return leads 15 
with a voltage sensing circuit 17 responsroe to hi^ frequency electrosurgical energy 25 
15 supplied bf the electrosurgical generator 11 and flowing through the leads; 

providing a signal of current level 20 with a current sensing drcuit 19 
responsn« to hi^ frequency electrosurgical energy 25 supplied by the electrosurgical 
generator 11 and flowing through the return lead 15; 

calcubting the power flowing through the leads of the electrosurg^ 
20 generator 11 with a multiplier 21 receiving the signals from the voltage and current sensing 
drcuits 19 and to multiply those signals together; 

establishing units of time with a clock 23 during the time which power flow 
calculated by the multiplier 21 is considered; 

calculating with an integrator 24 the energy 25 supplied through the leads 
25 per each unit of time established by the dock 23 based on the instantaneous power 22 
calculations of the multiplier 21; 

setting with a user control 16 a reference signal 26 mdicative of the energy 
25 level de^red by the user; 

providmg, with a correlation circuit 27 connected to receive the energy 30 
30 calculations bam the integrator 24 and the reference signal 26 m accord with the setting 



wo 95/09577 



PCT/IB94/00273 



17 

of the user control 16, a feedbadc signal 28 to indicate when the energy 25 calculation 
equals the user control 16 setting, and 

altering the dectrosurgical generator 11 supply of high frequency electrosuigical 
en^gy 25 to the acthre and return leads 15 in accord mth the feedback signal 2& 
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